胃液内蛋白の研究 : 第1報 胃疾患特に胃癌における胃液内蛋白のポーラログラフ的研究 by KAKEI, MAMORU
Title
STUDIES ON THE GASTRIC JUICE PROTEIN PART I
POLAROGRAPHIC STUDIES ON THE PROTEIN OF THE
GASTRIC JUICE IN PATIENTS WITH GASTRIC
DISORDERS WITH SPECIAL EMPHASIS ON CANCER OF
THE STOMACH
Author(s)KAKEI, MAMORU




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
STUDIES ON THE GASTRIC JUICE PROTEIN 
PART I POLAROGRAPHIC STUDIES ON THE PROTEIN OF 
THE GASTRIC JUICE IN PATIENTS "WITH GAST RIC 
DISORDERS WITH SPECIAL EMPHASIS ON CANCER 
OF THE STOMACH 
by 
MAMORU KAKE! 
From the 2nd Surgical Division, Kyoto University '.¥iedical School 
(Director : Prof. Dr. YASUMARA AoYAor) 
and the 1st Clinic of the Internal Medicine, Kyoto University Medical School 
(Director : Prof. Dr. GYorcHr羽TAKISAKA) 
(Received for publication July 18, 1959) 
INTRODUCTION 
2603 
Little has been known about changes in gastric secretion, especially of the 
protein constituents, accompanying pathological conditions, such as mucosal deterio-
ration in the case of cancer or precancerous states. 
For a long time, authoritative opinion held that the protein, and even al the 
nitrogenous material of gastric juice, was represented exclusively by pepsin. The 
complexity of the protein component of gastric juice has only recently been recognized. 
During the past two decades several proteins of gastric juice have been described 
under various terms by di百erentauthors: Gastroglobulin (MARTIN1l), second and 
third protein-like body (MARTIN1l), mucoproteose (GLAss勺， mucoid and surface 
epithelium mucin (KoMAROVり， mucoprotein (KoMARov,2l3l GLAss4l) and gastric 
peptide (SASAI引） etc. 
The whole issue has become very confused, due mainly to the lack of agreement 
in terminology, since in many instances, the same protein has been described under 
different names by different authors. 
Evidence was first put forward by GLAss and his co-workers4l7H4l that dissolved 
mucin is not itself a chemical entity, but consists partl;; of dissolved visible mucus, 
partly of a fraction called mucoproteose which is a mixture of degradation products 
of surface mucus, and partly of a fraction called glandular mucoprotei:n, which, it is 
suggested, is both a chemical and physiological entity, being derived from the mucus 
cells of the gastric glands. They not only found certain clinical significances in 
both mucoprotein and mucoproteose, but also made an interesting obsen叫 ionthat 
the mucoprotein served as the intrinsic factor to combine with vitamin B1"9Jisi. 
Studying the acetone supernatant fluid which had received litle attention in 
the fractional precipitation method of GLAss and BoYD, SAsAr16J17i in 1956 found 
consistently detectable amounts of gastric peptide by the polarographic technique. 
Moreover, this peptide was found to be clialysable through cellophane membrane, and 
capable of inducing shock or anemia in rabbits when injected subcutaneously. 
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On the other hand lwATSURU18> reported in 1937 that there was a“K. I.K. factor" 
(anemia causing principle) in the gastric juice of patients with cancer of the stomach. 
The entity of this substance has recentlγbeen found to be a peptide.19J‘剖｝
“Toxohormone”(liver catalase inhibiting factor), an extract obtained by KAKA-
HARA and FuKUOKA25> from cancer tissue, also prow~rl to be a peptide.26J叫＞ It was 
separated from body fluids of patients with cancer.初旬
The polarographic protein wave technique described originally by BRDICKA36'37> in 
1933 found its clinical application in the polarographical cancer reaction of serum 
(Plague' reaction, BRDICKA，刻、'flTALDSCHMIDT-LEITZ判 andothers40＞叫） . The entity of 
the polarographic-active substance in this sulfosalicγlic acid白ltrateof serum has 
recent!>' been found to be mucoprotein b:-・ Vv ALDSCHMIDT-LEITZ and MYER,39' WINZLER 
ancl co-workers.42> Polarographic examination of the serum protein m’as used in the 
stud:-of the gastric juice protein by・＼VADAet al.,43l-m SAsAI6i and KAKEI et al.16J17i4sJ49Jsa> 
GrLLIGAN and oth町村＂ alsonoticed the presence of many amino acids and peptide 
in the dialysates or in the ethanol filtrates of gastric juice. 
The author employed the polarographic method u:-;ing trivalent cobalt as the 
test solution, because of the advantage that the protein and peptide were the only 
polarographic-active substances present, regardless of the admixture of amino acid. 
In the present work e百ortswere made to clarify the origin and clinical significance 
of the gastric peptide and protein, with special emphasis on the nature and charade-
ristics of these substances in cancer of the stomach with the hope of finding a 
method of early diagnosis of this malignancy. 
I FUNDAME:¥T ALS 
This section describes the fundamental aspects of the entire work, i. e. material, 
methods and their critical evaluation, several expediences employed and their validity. 
:¥IA TERL¥LS 
Studies were carried out on subjects with gastric disorders other than gastric 
cancer, and those without gastric disorders. 
METHODS 
i ) Aspiration of gastric juice 
人rtcrfasting for about 12 hours, aspiration of gastric juice w剖 madethrough 
a Rehfuss stomach tube before the ingestion of a ca町cinetest meal (Katch-Kalk 
method) and at intervals of 15 minutes thereafter for 2 hours. During aspiration 
of the specimens, the greatest possible care ¥'as taken to avoid contamination with 
saliva, blood or bile. In the following procedure, onl:-juices not contaminated with 
blood, food or bile were u削 1,except for 4 cases marked!>・ contaminated with bile. 
Juices were subsequently filtered through filter paper (To>'O Roshi, No. Sc) to 
remove visible mucus and other contaminant日．
i) Titration of acidity 
The free and total acidity of each filtered juice was titrated by using as indi-
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cator Topfer's reagent (0.5% alcoholic solution of dimethyl aminoazobenzene) and 
phenolphthalein (1 % alcoholic solution). 
ii) Determination of protein content 
The protein content of filtered juices was determined h~· MEHL's52) mo【lification
of the Biuret reaction using sterile crystalline salt-free albumin as the reference 
standard, the values obtained being expressed in milligrams of serum albumin 
equivalent. 
iv) Fractionation of gastric juice 
Filtered juices were fractionated by the following method (Table I) . 1.5 ml 
of each filtered juice sample was mixed with equal amounts of acetate buffer at 
Table 1 Method of fractionation of gastric juice 
aspirated gastric juice 
i－~ltered thrゆ filter開per
supernatant visible mucus 
acetate buffer pH 5.4 
(1 : I) added 
10% SU日o;o;alicylicacid (I : t) added, 
left 20 minutes, centrifuged for another 
IO minutes at 3000 rpm. 
supernatant 
Fb ’ ~I ' Fs 
methanol methanol methanol methanol 
(1:3) (1:6) (1・3) (1:6) 
added added added added 
・left for 12 hours in refrl"gerator, , 
. _ cen~rifu~ed fo竺 lQ__m恒旦主主些~OQ..!']J111_.__ I 
－」一一 ｜ 一一l__ _ L ! Fm3 ! Fm6 ・ !_E旦空色｜ Fms6' 
precipitate 
I Fli-s 
pH 5.4. This bu百eredfraction was termed Fb. 2.0ml of Fb was divided into two 
test tubes in equal volumes. To one test tube was added three parts of 95 % 
methanol. To the other tube was added six parts of 95 % methanol. Both test 
tubes were closed with air-tight stoppers, vigorously shaken for a while, and kept 
in a refrigerator for, about 12 hours. Then the precipitate was removed by centri-
fugation for 10 minutes at 3000 rpm. The two resultant filtrates were termed Fm3 
and Fm6, according to the volume of methanol originally added. l.5ml of each 
filtered juice was mixed with an equal amount of 10% sulfosalicylic acid, shaken 
for a while and kept for 20 minutes at room temperature and subsequently centri-
fuged for 15 minutes at 3000 rpm. This supernatant fluid and precipitate were 
termed as Fs and Fb-s, respectively. 2.0ml of Fs was divided into two test tubes 
in equal volumes and thereafter treated in the回 meway as fraction Fb, until 
reaching the final products, Fsm3 and Fsm6, which correspond to the previously 
described Fm3 and Fm6. 
These six fractions were submitted to polarographic examination. 
v) Taking polarograms 
Six electrolysis cells were cleansed thoroughly and dried. Into each cel was 
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poured 5.0 ml of trivalent cobalt test solution which was made from the following 
standard stock solution prior to each examination. 
(A) 1-N ammonium chloride 
(B) 10-"-M hexaminic cobaltic chloride (luteosalt) solution 
(C) 1-N ammonium hydroxide solution 
The test solution was prepared by adding in this order : 
1 volume of A, 1 volume of B and 8 volumes of C. 
To the first cel ・was added 0.1 ml of Fb and 0.5 ml of 95% methanol, to the 
second cel, 0.3 ml of Fm3 and 0.3 ml of methanol, to the third cel, 0.6 ml of 
Fm6, to the fourth cel, 0.1 ml. of Fs and 0.5 ml. of methanol, to the fifth cel, 
0.3 ml of Fsm3 and 0.3 ml of methanol, to the sixth cel, 0.6 ml of Fsm6. 
The dilution of the original gastric juice in each cel was nearly the same 
(1/112). 
Polarograms were taken immediately in each cel as immersed in. a constant 
temperature water bath at 18 °C, with -0.8 volt to -2.0 volt. Sensibility of the 
galvanometer was 1/100. Drop time was 2 mg sec-1. The wave height was 
measured in millimeters from the diffusion current of cobalt to the second maximum 
of the protein double wave. In the following paragraphs, the wave height of Fb, 
Fm, Fs and Fsm will be termed FIJ value, Fm value, Fs value and Fsm value, 
respectivel~·. The term Fm peptide and Fb-s protein will occasionally be used to 
indicate the proteid constituents in the methanol filtrate and protein precipitable by 
sulfosalicylic acid, respectively. The Fb-s Yalue was calculated by subtracting the 
Fs value from the Fb value. For reasons stated elsewhere the terms Fm3 and 
Fsm3 have occasionally been simplified to Fm and Fsm, in this paper. 
vi) Dialysis of gastric juice. 
Polarograms were taken of normal acid gastric juice with and without dialysis 
which was carried out in a refrigerator for 24 hours. The dialysate was also 
studied. It was lyophilized and dissolved in distilled water to bring the volume up 
to the original (before clialysis), and studied polarographically after fractionations. 
vi） λddition of blood or bile to gastric juice 
0.2 ml, 0.5 ml, 1.0 ml, 1.5 ml and 2.0 ml of 1.0% hemolyzecl blood solution 
and 2.0 ml of A-bile aspirated through duodenal tube were added to 2.0 ml of acid 
and anacid gastric juice respectively, and incubated at 37°C for 15 minutes, and 
then polarograms were taken. 
vii) Digestion of anacid gastric protein b＞’ HCl-pepsin. Anacid gastric juice 
was adjusted to pH 2.0 with 0.1-N HCl solution, cr：，吐alpepsin in a 10-3 concent-
ration addecl incubated at 37℃ for 15 minutes, and polarograms made. 
The original anacid juice was also diluted with distilled water to the same 
volume and polarograms made. 
RESULTS 
i ) Relation ofFb value to protein concentration 
In Fig. 1, Fb values taken from 44 individuals are plotted against the respective 
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values of protein concentration. Fb values are almost linearly increased with protein 
concentration, except for 4 cases markedly contaminated with bile. The Fb values 
of these 4 exceptional cases are lower than those of the same protein concentration 
in uncontaminated gastric juice. 
i) Changes in Fb value 
related to ingestion of 1中
a ca百einetest meal '"I 
The changes in both Fb value 了、l
and free accidity value after 初
ingestion of a ca百einetest meal 
are shown in Fig. 2 which re-
presents average curves drawn 
from 10 normal subjects. Both 
curves are similar except for the 
value of fasting juice. The aver-
age Fb values of fasting juice 
are higher than those after 
ingestion of a caffein test meal, 
although both Fb values are 
intimately related. 
ii) Comparison of the aver-
age wave height in six 
fractions 
Among 142 examples the 
average wave heights of six 
fractions are shown in Fig. 3. 
It is rather unexpected that the 
Fsm value is much higher than 
the Fm value. This indicates 
that at least a portion of the 
protein constituents, presumably 
mucoprotein, mucoproteose or 
peptide in Fs, is soluble in metha-
nol added to a strongly acid 
Fig・. 1 Relation of polarog・raphicwaYc height to 
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medium such as sulfosalicylic acid. In this case, even with the increased amount 
of methanol the Fm peptide can not be precipitable. In short, the Fsm3 value is 
equal to the Fsm6 value. The Fm 3 values are usuallyァ somewhathigher than the 
Fm6 values. 
iv) Comparison between acid and anacid gastric juices 
Among 91 acid and 51 anacid examples the average wave heights of six frac-
tions are shown in Fig. 4. A distinct di町erenceis apparent from this figure in 
respect to Fs and Fm Yalues. In anacicl juices the Fm and Fs values are much 
lower than those in acid juices. In other words in anacid juices Fb-s protein is 
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Fig・. 3 Comparison of six fractions in average Fig. 4 Average wave heights of six fractions 
wave height (140 cases) in acid and anacid juices. 
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28.6% of the total high-molecular contents (Fb value) on the average. In acid 
juice, however, Fb-s protein averages on ！~－ 7.7%. On the other hand Fm peptide 
in acid and anacid juices are 64.2% and 45.6%, respective！~－. 
In Fig. 5 it is刈mwnthat in 35 acid specimens the Fm yalues constitute much 
more of the F¥J values than in 26 anacicl juice specimens. Each column represents 
one case. 
v ) Relation of Fb and Fm values 
In Fig. 6 Fb and Fm values from 
respective free acidity values. On the 
might conclude that the Fb 
value is not related to free 
acidity, whereas the Fm value 
is not related to the amount 
of free acidity but to its 
presence or absence. 
vi) In臼uenceof dialysis 
on the wave height 
Changes in the three values 
before and after dialysis are 
shown in Table 2. The Fm 
value before and after dialysis 
changes from 20 mm to 0 mm. 
Three values of the dialysate 
are nearly 16 mm. This indi-
cates that Fm peptide is dialy司
sable. 
vi) The in日uenceof contamination with blood or bile on the wave hight 
In Table 3 it is shown that both acid and anacid Fb values are increased in 
proportion to the amount of added blood except when the concentr叫 ionof blood is 
less than 0.25 %. 
Polarograms taken from normo-acid and anacid juice, and 
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to free acidity 
di町erentsubjects are 
basis of data plotted one 
Relation of Fb and Fm value to free acidity 
(56 cases). 
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Table 2 Change in the 3 values before 






Influence of contamination with blood 
and bile on wave height and form. 
Fig・. 7 
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shown in Fig. 7. It is interesting that polarograms made from gastric juice, blood 
and bile shmγdi百erentwave forms. Polarograms made from bile show a peculiar 
form with a ver~＇ low cobalt maximum. 
vii) Influence of HCl-pepsin digestion of anacid juice on wave height and form 
（司hangesof wa ＼℃ height and form 
kfm℃ and after HCl-pcpsin digestion of Fig-. 8 Change in waw height before and 
after HC!-pepsin digestion of anacid 
anacid juice are shown in Fig. 8. The 
wave form of Fb is changed into a di百e-
rent wa ye form b>・ digestion. Fm and 
Fs values after digestion are strikingly 
increased. This indicates that Fm peptide 
is increased as a result of the addition of Iれ
HCl・pepsinto anacid juice proportionatel≫ 
to the decrease of Fb-s protein. 
DISCUSSION 
It has alr。ad>・ been reported b~· K ECKI 
and SrnEER,53) and lateb・ bγMARTIN') that 
F門
gastric juice. 
叫閥均d日札 中 L 勾必凡
岬川町／
various protein constituents are present I I , I 訓札／
cycn in the dialysate of gastric juice. I I i I / 
Indeed, in the methanol filtrate (Fm) of I Fs I Jい柳川. / I P/ 
gastric juice a dialysable protein is found I I / ' ' 
polarographically. Because of its physico-
chemi回 lproperties this proteid was called 
gastric J12J)tidc by SAsAI.6)15)l7) In this pap2r it is represented as Fm peptide. This 
Fm l別式idcis more abundant in acid gastric juice than in anacid juices, and repre-
sents a considerable part of the total high-molecular constituents in acid juices. 
Fb values represent the total amount of high-molecular constituents of mucopro-
tein,4) mucoproteose,4) Fm peptide and protein precipitable by su日osalicylic acid (Fb-s 
protein) in gastric juice. Because the methanol precipitate is related加 thepH of 
gastric juice, acetate bu任eris added to filtered juice. Moreover, Fm is preferable 
to Fsm as fractions of the methanol filtrate, because at least a portion of the protein 
constituents, presumably mucoprotein, mucoproteose or peptide in Fs, is soluble in 
methanol added to a strongl~· acid medium such as sulfosalicYlic acid. 
On the other hand Fb-s protein is found only in anacid specimens. Since an 
increased amount of Fm peptide is found after addition of HCl-pepsin to blood or 
anacid gastric jui回， itseems likely that Fm peptide is closel~ア related to the 
breakdown-products of Fb-s protein formed byア theenzγmatic action of pepsin. 
Fb-s protein is probably the same protein as w川 separatedfrom human gastric 
juice by precipitation with 1/2 孔・olumeof 10 % trichloracetic acid and named b~ 
CLASS4J dissolvul visible mucus. There is ℃＼＇icknce that mucus unckrg-ocs chemical 
clcμ:radation in the stomach, losing its viscosi1.＞’ in the procc、同. How this degradation 
is brought ab:mt is stil uncertain ; pepsin itself is known to digest mucus, but it is 
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clear from the studies of GLASS and Boyn54) and of J ANOWITZ and HoLLANDER55l that 
mucus becomes liquefied at or near neutrality, ¥vhen pepsin would be inactive. As 
it is liquefied it becomes converted into a fraction soluble in 10% trichloracetic acid 
which GLAss and BoYD4) call mucoproteose. But it is also evident that there is a 
large amount of Fb-s protein in anacid gastric juice in addition加 mucopr eose. It 
seems more likely that Fb-s protein in anacid juice is not only liquefied visible 
mucus, but also is mucus secreted in a water soluble form by columnar surface 
epithelial cells or cells of pyloric and cardiac glands. 
Fm peptide and Fb-s protein are completelyア neglectedby the fractional precipi-
tation method of GLAss4l which is receiving increasing attention by many investigators. 
It would seem that the difference between Fs and Fm values corresponds to 
mucoprotein and mucoproteose. 
But mucoprotein and mucoproteose cannot be determined accurately by this 
polarographical fractional method. 
The wave heights of fasting juices are higher than those after ingestion of a 
ca百einetest meal. One of the reasons for this difference may be that gastric juice 
is diluted by ingestion of a ca民inetest meal. These data agr田 withKANAZA w A’s 
data.44) 
The influence of contamination with blood on the wave height of the polarogram 
is very important especially in clinical analysis, because gastric juices aspirated from 
patients with gastric cancer are frequently contaminated with blood. When blood 
is added to acid gastric juice, the Fb, Fm, and Fs values al increase markedly, but 
blood in anacid juice increases the Fb value only. It is evident that in acid juice 
blood is digested by pepsin and broken down to peptides. When contamination is 
not macroscopic, it has no influence on the wave heights, even when the gastric 
juice shows a positive benzidine reaction. These data agree with UMETANI's data.46) 
Because of the frequent contamination of fasting juice with blood, bile or food, 
the sample aspirated 45 minutes after ingestion of a ca百einetest meal is preferable 
for clinical investigation. 
The polarographic activity of bile is lower than that of gastric juice. Although 
the polarographic activity of protein originates in the thiol or disulfide group, this 
observation will not warrant an o百－handinference as to the thiol activity involved, 
because other factors, for instance the protein aggregate volume, can modify the 
situation. 
Moreover, it is very interesting that there is a di百erencebetween gastric juice 
and bile or blood with respect to the wave shape of the polarogram. BALL-HELAERs57l 
and SAsAissi reported that the first maximum of a protein double wave originates in 
general in the protein-bound polysaccharide. The characteristics of the wave form 
may be studied as an important approach to the problem of the structure of the 
protein molecule. 
On the polarogram of bile the cobalt maximum is verγlow or not present at 
al. This indicates that there are sul以tanccsinhibitor:,' to the cobalt maximum in 
bile. One of these substances is presumably bile pigment, because inhibition of 
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cobalt maximum is closely related to surface active agents. 
I CLINICAL OBSERV入TION
On the basis of the experimental results described above clinical observations 
were carried out. 
MATERIALS 
Studies were made on 283 subjects hospitalized in the 2nd Surgical Clinic of 
the Medical Faculty of K~·oto University, with the following diseases : gastric cancer 
114, peptic ulcer 43, duodenal ulcer 33, gastric ptosis 14, chronic gastritis 5, gastric 
polyp 4, gastric leiomyoma 1, post-gastrectomy 4, other gastric diseases 35, various 
illness other than gastric disturbances 30. Of the 253 cases of gastric disorders 
the diagnosis wぉ confirmedin 200 cases b~－ surgical operation. The resected 
stomach tissues in addition to tumor if present ＂℃ l℃ examined bγhistological and 
at times by histochemical techniques. The relation between histological finding of 
gastric mucosa or tumor itself and protein in gastric juice 1vil be reported elsewhere 
h¥" SHINOHARA. 
METHODS 
i ) Aspiration of gastric juice was 45 minutes after ingestion of a caffeine test 
meal as described ab〔l¥'C. Contamination with blood, bile and saliva was minimized 
hγstrict precautions taken during aspiration of the juice, and checked if present. 
The aspirated juice was filtered h>・ filter paper (To｝アO Roshi, No. 5c) to remove 
visible mucus, and the benzidine test for occult blood in the juice was done. 
i) Titration of acidit>・. 
The free and total acidity values of filtered juice were measured as described 
above, and classified as h~·per-, normo-, hypo勺 andanacid if the free acidity values 
were 39 or more, 20←39, 1 19, and 0, respectively. 
ii) Filtered juice was fractionated into 3 (Fb, Fm, Fs) fractions as decribed 
above. 
iv) Polarograms were made of the 3 fractions as described above. 
v) Classification of polarograms. 
Polarograms were classified into the following three types with regard to Fb 
and Fm values. 
Type I : 
Fb, Fm and Fs values al were over 25 mm. In other words Type I repre-
sented cases where the high protein values were ascribed to increased amounts of 
gastric peptide. 
Type II: 
In spite of low Yalucs of les than 25mm of Fm peptide, Fb values were over 
20mm. In other 1rnrdメ T~·pc I represented the c出℃swhere high protein values 
were due to an increa日じclamount of protein pr℃cipitable liy ト;ulfosalicy lic acid. 
Type III: 
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Fb, Fm and Fs values al were less than 20mm. This type indicated that 
al protein components in the gastric juice we1℃ very low. 
RESULTS 
i) Comparison between cancer cases and non-cancer cases in respect to the 
benzidine reaction of gastric juice. Cancer and non『cancercases are compared in 
terms of the incidence of positive benzidine reactions as shown in Table 4. In 
cancer cages benzidine reac-
tions are at least 3 times as 
Table 4 Benzidine reaction in cancer and non-cancer group. 
: Total cases~扇巧rpos而eI Rate 〔%〉
often positive as in the non- 一一一一一： I Benzid ne n¥ 
cancer group. Cancer group I 14 ! 68 I 59.6 
i) Relations between Non-cancer group I 169 I 3 I 19.6 
acidity and gastric diseases are shown in Table 5. In cancer cases anacid and 
hypoacid cases are 54.4% and 30.7拓，陀spectively,while in non-cancer cases anacid 
and hyp:mcid cases are 19.5% and 20.6%, respectively. With duodenal ulcer 
hyperacid cases are 63.7%. All cases of gastric polyp are anacid. 
Table 5 Relation between acidity and gastric diseases. 
I: id j hypoacid casesl c:i_ses ペユ~~cid十町民~~id I_ Total 
gastric cancer 62 35 14 3 14 
peptic ulcer 3 13 10 17 43 
duodenal ulcer 。 6 6 21 3 
gastric ptosis 2 4 2 6 14 
chronic gastritis 4 。 。 5 
gastric polyp (Leiomyoma) 5 (1) 。 。 。 5 
after gastric resection 2 。 。 2 4 
other gastric disease 7 9 9 10 35 
others 10 3 12 5 30 
Total 95 70 54 129 283 
Table 6 Relation b巴tweenpolarogram types and acidity. 
cancer group 
non-cancer group 
I Type I 
I ~ld-- I anacid 
8 
2 
Type [ Type l[ 
…F一一1-=l~<l- r 一i<l-
: i ・：下J十子
ii) Relation between 3 types of polarograms and the presence of aciditv in 
cancer and non-cancer cases are shown in Table 6. It is evident from this table 
that in cancer cases the presence of free acidit~· is closelγrelated to types of polaro-
grams. On the other hand in non-cancer cases there is no such relation. 
iv) Comparison bet¥＼’c1 cancer cases and non-cancer m町民 withregard to 3 
values of polarograms. 3 average values each of cancer and non-cancer cases are 
shown in Table 7. .A significant di百erenceis found between cancer and non-cancer 
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Table 7 3 values of polarograms in cancer and non-cancer groups. 
gestric cancer 
I Type I i T~pe JI I Type I 
Fb , Fm I Fs , Fb Fm ! Fs ' Fb I Fm I Fs 
Value I Value I Value I Value 1 Value ! Value ，＿＂＇！＿ 坐竺」 ValueI Value 
I I I I I I i I f竺」 39.3  39.7己止 i13.7 11.1 J竺J__ ~」三土
42 cases , 45 cases 26 cases 
（ヤ＿I~－~ : _!1~3 I 25.2 I 15.8 I 21.1 I 13.9 I 8.9 I 1.6 
31 cases 1 64 cases I 7 4 cases 
non-cancer 
34.2 I 28.6 I 3.5 25.o I 18.4 Iぺ｜peptic ulcer 10.8 13.6 
18 cases 14 cases 1 11 cases 
32.2 I 26.7 I 29.2 日｜川竺｜ 10.5 1 14.1 duodenal ulcer 
5 cases 10 cases 18 cases 
5.0 I 2川副 I278 I制 124.2 8.6 1.2 gastric ptosis 
1 cases 5 cases 8 cases 
10.3 I 12.3 5.5 I 8.0 
3 cases 2 cases 
同ignt… l ，，／＇~7レ／レ＿／I _:6.() I 9.3 I 16.3 I ~ L 5.〔）
(p向 p,myom) j 。 I 3 a s I s 6.0 
山 rgastric diseases I竺ぺ竺1-21三三三｜！！？［竺｜！？竺｜竺J…
I 5 cases I 16 cases , 14 cases 
I 29.0 I 36.0 I 25.5 I 24.7 I :='. 26~ _i_:.4 8.5 10.6 
1 2 cases 1 cases 17 cases 
others 
cases with regard to Type I as well as T汀ieI polarograms. With regard to Type 
I, cancer cases give higher average values for Fb, Fm and Fs than do the non-
cancer, the di汀erencesbeing 9.8 mm, 10.7 mm and 8.4 mm, respectively. With 
regard to T~·11e I, cancer cases give higher Fb values and ~b-s values than do 
non-cancer cases. There is no difference in Fm values. 羽アithregard to Type II, 
there is no difference between cancer cases and non『cancercases as to Fb, Fm and 
Fs vlues. Cancer C出 esof this type are 27.8% of the total cases. 
v) In Fig. 9 cancer cases of Type I are compared with acid non-cancer cases 
(peptic ulcer, duodenal ulcer, gastric ptosis and others) in terms of Fm value. In 
this scattergram cases of early stage of gastric cancer and precancerous states and 
ulcus callosum are plotted with a di百erentmark （企）．
vi) In Fig. 10 cancer cases of T~·pe I are compared with anacid non-cancer 
cases (gastritis chronica, gastric polyp and others) in terms of Fb value. 
DISCUSSION 
Since GoLDING BIRD (1842) ti刈 d山crilicldecreasing acidity in the vomitus of 
a gastric cancer patient and lアONdEN ¥!ELDEN l℃ported the frequent association of 
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Fig・. 9 Comparison between cancer cases of 
Type I an<l acid non-cancer cases with 
regard to Fm value. 
企 casesof early stage of gastric cancer 
precancerous state and ulcus callosum 
Fig. 10 Comparison between 
cancer cases of Type land 
anacid non-cancer cases with 
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achlorhydria with gastric cancer (1879), a huge literature has accumulated not only 
of achlorhydria associated with gastric cancer but of achlorhydria itself. During 
the past 30 years the reported frequency of achlorhydria in gastric cancer has 
varied from 50 to 69%.抑制1JGastric cancer has been stated to occur 3 to 5 times 
more frequently in the achlorhydria individuals of comparable age groups, and also 
to occur 10 times more frequently in the achlorhydria individuals over 40. In the 
author’s data frequency of achlorhydria in gastric cancer is 54.4% and is 2.8 times 
that of non-cancer cases. Moreover, al cases of gastric polyp which are pr配 ursors
of gastric cancer occur in patients with achlorhydria. These statistics and the 
author’s data have figured prominently in the rationale of examination of gastric 
acidity in the diagnosis of gastric cancer. 
There is another difference between cancer and non-cancer cases in respect to 
the benzidine reaction of gastric juice. In cancer cases the frequency of positive 
benzidine reaction is 、about60 %, in non-cancer cases it is only 20 %. Because 
contamination with blood affects the wave height of polarograms as described above, 
cases markedly contaminated with blood are not included. 
Significant differences are found between cancer and noncancer伺 seswith regard 
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to wave height of polarograms. All cancer cases of T~＇PC I and I show higher 
l〕roteinaverage values than do non-cancer cases either in Fb or in Fm values, 
depcncling on whether the gastric juice specimens are acic1 or anacid. 
With regar〔lto Type I in cancer cases, gastric peptide increases more than in 
non-cancer cases. "'.¥Ioreover, cases in the earl~γstage of cancer, precancerous states 
and ulcus callosum give high peptide values. Peptide values of over 35mm occur 
exclusively in cases of gastric cancer. 
Some cases with peptic ulcer sometimes give high peptide values. About the 
relationship of peptic ulcer and gastric cancer a great deal has been said and written. 
λt this point the author’s data o首位 someadditional information. 
・with regard to Type I, cancer cases give higher values of Fb and lower values 
of Fs than do non-cancer cases, ancl are closely related to achlorhydria, and Fb-s 
values also increase. Fbγalues over 30mm occur onl~＇ in cancer cases. However 
it must be stressed that the clinical course of Type I cancers is no less malignant 
than that of T>'Pe I cancer, despite the presence of free h>・clrochloric acid and the 
relative！~· ~＇otmg age of the patients in the former case. 
Tn>e II cancers seem to be in the most advanced and 回 inoperables匂ges.
Cases with severe atrophic gastritis give the lowest protein rnlues. Therefore it 
seems probable that in T>'Pe II cancer cases damage or atrophy of the gastric 
mucosa is more severe than in cancer cases of other t>・pes. 
The protein m引 ・edue to methanol filtrate (Fm), which may correspond to 
protein in dialysates and also to fraction v of v＼アADAand coworkers,m is ar〕l〕arently
caused lηァpeptidemixture, although not homologous. GILLIGAN and others51J have 
alreaclJ’noticed the presence of peptide in dialysates or in ethanol filtrates of gastric 
juice specimen日， utilizingpaper chromatography. But the>・ did not refer to its 
cli1ical significance. 0Hucm andλWATAGucm62) apl:-・ing resin-chromatography to 
gastric juice have also found a peptide in cases of gastric cancer, but the data are 
stil too scant>・ to discuss. 
It is amply (1cmonstratecl in this paper that the polarographic protein 1＼’ave as 
tested with trivalent cobalt solution is most suitable for the estimation of peptide, 
because only peptide exhibits polarographic activity regardless of the admixture of 
amino acids. This peptide is pepsin digestive products of protein precipitable by 
sulfosalic:-・Jic acicl as above described. It seems more likely that in gastric juice 
from patients with gastric cancer, the amount of protein, (which is not secreted 
spccificall＞・bythe cancer itself, but h＞’non-specific altered muco回 ofthe secondary 
gastritis accompanying gastric cancer), increases so that the amount of peptide 
increases in acid juice and the amount of protein precipitable lηsulfosalicy lic acid 
increases in anacid juice, although a high protein I’alue in cancer cases is partb' 
related to an absence of the ordinary diluting e百ectof m’atery acid glandular secre-
tion. With regard to the denaturation or gastric protein ¥VADA and cowrkers•5l•7l 
have reported that the gastric protein of anacid cancer specimens is usual!~ア labile
and its polarographic protein n’ave is markedly increased ＼’hen lwdrochloric acid is 
added. These data probably indicate that protein precipitable b:-・ sulfosalicylic acid, 
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presumably soluble mucus according to GLAss,900) is easily denatured or degraded by 
h~＇drochoric acid and pepsin. With regard to soluble mucus, GLAss9)to) reported that 
soluble mucus can be precipitated with trichloracetic acid. A substance of similar 
physical properties is obtained on physical dissolution of surface epithelium mucus 
or from its initial liquefaction on incubation. Therefore it represents most probably 
a liquefied fraction of the visible mucus which is physically dissolved in the gastric 
juice before it undergoes further degradation. The possibilit.）’ cannot be excluded 
however that some part of it represents preformed fluid mucus secretion, which 
under conditions stil unknown is produced directly as much by the surface epithelial 
cells as by the cardiac or pyloric glands. 
The author’s opinion is that under certain physical conditions soluble mucus may 
be secreted directly in fluid form by the surface epithelial cells and cardiac or pyloric 
glands, and a part of it becomes visible mucus and peptide, and that in pathological 
conditions such as secondary gastritis accompanying gastric cancer soluble mucus 
secretion is increased so that peptide content is increased in acid cancer and protein 
precipitable by sulfosalicylic acid is increased in anacid cancer. 
Mucoprotein and mucoproteose (GLAss) are beyond the scope of this paper. 
SUMMARY 
i) A peptide was present in human gastric juice particulary in acid gastric 
juice, and gives a polarographic protein wave. Most of it was present in the 
methanol supernatant fluid and dialysate. 
i) This peptide was closely related to breakdown products of protein precipi-
table by sulfosalic:yァlicacid by the enzymatic action of pepsin. 
ii) In most of the acid gastric cancer C部 esthis peptide was increased. Markedly 
increased cases were exclusively gastric cancer. 
iv) A protein precipitable by sulfosalicylic acid was onlyγpresent in anacid 
gastric juices, and gave a typical protein double wave polarographically. 
v ) In most anacid gastric cancer cases this protein was increased. When it 
was markedly increased, gastric cancer was always present. 
vi) In cases with severe atrophic gastritis and most advanced anacid cancers 
the protein content in gastric juice was slight. 
vi) The frequency of achorhydria in gastric cancer was 54.4%. 
vii) The frequency of positive benzidine reaction was about 60% in gastric 
cancer and about 20% in non-cancer. 
ix) When contamination with blood was not macroscopic, it had no influence 
on the polarographic protein n引アe,even when the benzidine reaction was positive. 
x) Bile had a lower polarographic activit：－ァ andcobalt maximum than gastric 
protein had, and had di町erentwave forms from gastric protein. 
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fJ一般のJg~＿，~には Pepsin によって消化されて Peptide
となり p 、~~ l が増量を誘起し，無酸の場合にはズルホ
サヰチルi戦で沈澱する蛋自の槍量となって現れるもの
と~えられる ．
